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SUMMARY 

During functional activities such as walking down stairs the 

alterations in hip kinematics can be related to the knee 

overload [1]. 

This study analyzed the kinematics of the hip and pelvis, as 

well as knee frontal plane moments during a step down 

activity. Data showed similar behavior in the general step 
down strategy between the groups with and without anterior 

knee pain (AKP) however, there was an increase in hip 

abduction which was associated with a reduction of the 

external valgus knee moment in the AKP group. 

 

INTRODUCTION 

Weakness of hip abducting muscles is related to contralateral 

pelvic drop and an increase of the internal rotation of the 

femur, which has been implicated as a risk factor for anterior 
knee pain (AKP) [1]. During one-leg stance, increased hip 

abducting moment it is a strategy to reduce the load in the 

hip, but this motor strategy can lead to an abnormal 

kinematics and kinetics of the patellofemoral joint leading to 

worsening of the anterior knee pain [1.2]. The kinematic 

analysis of the hip and the varus/valgus moment at the knee 

during the step-down activities could contribute to a better 

understanding of the motor strategy in functional activities 

such as stair descending, since these activities place high 

loads on the knee [3]. 

 

METHODS 
The study included 22 women with AKP, mean (CI) age of 

21.9 years (20.7; 23.1), height of 161cm (158.2; 163.6), and 

weight of 59.2Kg (54.3; 64.03) and 20 healthy women, mean 

(CI) age of 21.1 years (20.2; 22.1), height of 163.5 (161; 

166.5) and weight of 57.1 (52.7; 61.5). Inclusion criteria for 

the AKP group was pain at least 3cm using a visual analog 

scale (VAS) and pain during functional activities (stepping 

up and down, sitting for prolonged periods. The study was 

approved by the Ethics Committee of the Clinics Hospital of 

the School of Medicine at the University of São Paulo. 

 
Biomechanical analysis of the step-down was performed 

using electromagnetic tracking sensors (PolhemusTM, 

Burlington, VT, USA) and a force plate (AMTI, Watetown, 

MA,USA) embedded on a second step from the bottom ,of a 

five-step staircase. Kinematic data was sampled at 120 hz 

and force plate data at 240 hz using Motion Monitor 

softwareTM (Innovative Sports Training, Inc., Chicago, IL, 

USA). Tracking sensors were attached to the sacrum, femur 

and tibia. Anatomical landmarks were digitized according to 

the International Society of Biomechanics recommendations 

for local joint coordinate reference frame determination [4]. 

The center of the hip joint was determined by Bell methods 

[5] and the center of knee joint was defined using the 

midpoint between lateral and medial femur epicondyle [4]. 

The kinematic and kinetic axes were aligned and formed 

with the following directions: anterior X-axis, vertical Y-
axis, and lateral Z-axis. 

For the step-down test, the individuals stepped down on a 5 

step wood staircase (step height of 18 cm) with the subjects 

habitual cadence [6]. Each volunteer performed 3 trials of 

stepping down the stairs. Data analysis was carried out 

during the stance phase on the second step from the bottom. 

The frontal plane of hip was analyzed by using the sequence 

of Cardan ZX'Y" angles (flexion/extension, 

abduction/adduction, and internal/external rotation) 

following the ISB recommendations [4] and the pelvic drop 

was defined as rotation about anterior axes using pelvic 

landmarks (ASIS and PSIS). The varus/valgus external 
moment at the knee was calculated using inverse dynamics 

and normalized to each individual's body weight. The painful 

limb for AKP group and the dominant limb for the group 

without AKP were selected for analysis. The descriptive 

statistics of the hip and pelvic kinematics and knee frontal 

plane moments included peak, mean and confidential 

interval values.  

 

RESULTS AND DISCUSSION 

The AKP group showed an increase in the hip abduction 

when compared to control group during stair descent (Figure 
1A), Selfe et al. [3] showed  that individuals with AKP 

present distinct motor strategies compared to  healthy 

individuals, which could be related to increased 

patellofemoral reaction force. On the other hand, the pelvic 

drop showed no difference between the groups with and 

without AKP during stair descent (Figure 1B). Our results 

are in contrast to those observed by Powers [2] and Mascal 

et al. [1]. These authors evaluated 2 patients with AKP and 

patellar subluxation episode. The peak values for the pelvic 

drop and the hip did not present any difference between the 

groups (Table 1). The peak valgus external moment at the 

knee for the AKP group, as well as the valgus knee moment 
during the whole stance phase showed was reduced 



compared to the control group (Figure 1 and Table 1). These 

data are in agreement with Powers [2] and Bolgla et al. [7] .  
CONCLUSIONS 

The findings suggest an increase in hip abduction and a 

reduction in the valgus external moment at the knee in the 

group with AKP during the stair descent activity. These 

biomechanical alterations may be related to the anterior knee 

pain during this activity since the valgus internal moment 

can increase reaction force on the patellofemoral joint. 
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Table 1: Peak Values and Confidential Interval of hip abduction, pelvic 

obliquity and knee moment at frontal plane 

 

 

Figure 1: Data from stance phase during step down. Hip 

Frontal Plane movement, Pelvic drop and knee moment at 

frontal plane  

Peak Values (CI) 

   

Peak (CI) AKP group Control Group 

Hip Abduction 

(degree) 
7.7 (5.91, 9.52) 10.05 (7.6, 12.5) 

Pelvic Drop 

(degree) 
6.5 (5.4, 7.6) 6.54 (4.9, 8.15) 

Valgus Knee 

Moment  

(Nm/Kg) 

-0.019 (-0.025, -0.013) -0.086 (-0.09, -0.07) 


